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SUMMARY

-Both sedating and nonsedating sleeping aids may be appropriate for use in specific

operational environments to promote sleep and permit efficient utilization of rest

periods. "Sedating" agents, such as the benzodiazepine triazolam, produce an

i"impairment window which is a period of time postadministration when performance

and responsivity during sleep are impaired. '4Nonsedating agents, such as the amino

acid 1-tryptophan, enhance sleep but do not alter performance or responsivity at any

time postadministration. In a field trial of use of 1-tryptophan in U. S. Marines

airlifted from California to Okinawa, 1-tryptophan increased total sleep time the

first night after arrival. This sleep enhancement was associated with significantly

faster reaction times the next day, sparing of short-term memory from kjet-lag 4.

effects, and more rapid recovery of reaction time over the first three days after

arrival. Which type of agent to use in support of an air operation will be de-

termined by the nature of the environments in which rest periods will occur and the

duration of scheduled sleep times
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INTRODUCT ION % N NA

The conduct of military air operations frequently involves transits across multiple

time zones, altered work-rest schedules, and sustained performance under conditions

of sleep loss. Over the years, the Behavioral Psychopharmacology Department of the

Naval Health Research Center (NHRC) has focused on identifying the effects of these

mission factors on human performance and has emphasized evaluation of sleeping aids

for use in operational settings to promote sleep and permit efficient utilization of

rest periods. Our research on sleeping aids is a component of a major research

program designed to develop psychopharmacological techniques to enhance and maintain

human performance. The approach and philosophy behind this research program were

presented at an earlier DRG symposium (Spinweber and Johnson, 1983).

Our laboratory has carefully evaluated the suitability for operational use of the

short half-life benzodiazepine triazolam (Halcion®) and the amino acid 1-tryptophan,

which are, respectively, sedating and nonsedating sleeping aids. From our point of

view, the term "sedating sleeping aids" has a data-based definition--it is applied

to those agents which, in addition to enhancing sleep through some pharmacological

mechanism, produce measurable performance decrements and alter responsivity during

sleep for some time period postadministration. This time window can be delineated ..

in the research laboratory by repeated sampling of performance and arousal

threshold, according to a standard research protocol. Conversely, "nonsedating"
agents enhance sleep but do so without producing an "impairment window", as shown by

performance and arousal threshold data which are not statistically different from .

placebo values.

In recent years, we have conducted several laboratory studies of triazolam (Johnson

and Spinweber, 1983, 1984; Johnson et al., 1985; Spinweber and Johnson, 1982;

Spinweber et al., 1985). Use of triazolam at the .5 mg dose was found to be

associated with performance impairment up to 5 hours postadministration, antero-

grade amnesia, and elevated arousal thresholds during sleep (Spinweber and Johnson,

1982). The lower .25 mg dose had adequate hypnotic efficacy and was found to

produce a smaller but significant performance decrement lasting approximately 4 %

hours after administration (Spinweber et al., 1985). We recently reported that

responsivity to a smoke detector alarm sounded during sleep was strikingly reduced

after triazolam administration at bedtime (Johnson et al., 1985). These changes in

performance and responsivity during sleep are presumed to be a consequence of the

nonspecific CNS depressant effects of benzodiazepine-hypnotics. Depending upon the

nature of the operational environment and the mission demands, the acute effects of

a short-acting benzodiazepine like triazolam may or may not be problematic: if

personnel are scheduled for rest in safe locations with little probability that they

will be called back to duty before the dose wears off, then agents such as triazolam

may be excellent choices for operational use because of their rapid onset of action

and exceptional efficacy in short-term administration. However, 6u.ring the '- V.

effective phase of drug action, personnel would be difficult to arouse and would , ,

3



- . " ." p.

perform more poorly on reaction time, cognitive, and memory tasks up to 5 hours

after drug use.

Because many missions require continuous readiness and are unpredictable in terms of #

scheduling work and rest periods, our laboratory has also investigated the I
nonsedating sleeping aid, 1-tryptophan (Spinweber et al., 1983; Spinweber, 1980, %,-e

1981, 1986). L-tryptophan was considered to be appropriate for use in military

operations because these laboratory studies had demonstrated that it did not impair

performance at any time postadministration. We and other authors have suggested

that its sleep-promoting action is mediated by a serotonergic deactivation of the ..

awake state, thus establishing a preparatory relaxation which permits more rapid -

sleep onset. This mechanism is nonsedating, as shown by normal task performance,

intact memory systems, and unaltered arousal threshold during the effective time

period of action (Spinweber, 1986).

An air operation of considerable interest to the U. S. Marines, as well as to other

services, is the airlift of large numbers of ground forces from the continental

United States to distant locations. Rapid deployment across multiple time zones

raises the operational issue of the consequences of the so-called "Jet-lag syndrome"

on military readiness. Jet-lag effects are hypothesized to result from at least

three causes: sleep loss, the discrepancy between environmental and internal

clocks, and circadian desynchronosis. (For a discussion of these factors, see

Spinweber et al., 1986). In the following report, the results of a field trial of

the efficacy of 1-tryptophan in reducing the sleep-loss component of the jet-lag

syndrome are described.

L-tryptophan Field Trial. The U. S. Marine Corps, in its unit deployment concept,

currently airlifts whole battalions from Camp Pendleton, California (located

approximately 30 miles north of San Diego), to Okinawa, Japan, for 6-month training .

missions. In a given week, two 747 flights transit from San Diego to Okinawa, and,

during the same week, two flights return from Okinawa carrying a second battalion

home. This study was conducted on the first westbound flight from San Diego to

Okinawa during one of these week-long air operations. The westbound flight is

approximately 15 hours air time plus a 2-hour stop in Anchorage, Alaska. Local time ..

in Okinawa is 17 hours ahead of California Pacific Standard Time (PST). In this -

study, data were obtained before, during, and after the flight to assess acute

jet-lag effects and to evaluate the sleep-enhancing efficacy of 1-tryptophan in the "'"" -

field.

METHOD ""-

Subjects. Subjects were U. S. Marines stationed at Camp Pendleton, California, who % % %

were scheduled for deployment to Okinawa, Japan. Pilot data were collected from 27

Marine volunteers from the 1st Battalion, 5th Marine Division (1/5) (mean age 21.7 +I
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3.2 years). The operational trial was conducted with 51 Marine volunteers from the

1st Battalion, 7th Marine Division (1/7) (mean age 21.0 + 2.2 years).

Procedure. The testing schedule for the operational trial is summarized in Table 1. . '.

Baseline data were collected 2 weeks prior to deployment on 3 consecutive days (Bl,-,. ,

B2, and B3) at 0900 and 1500. On B3, in addition to the 0900 and 1500 batteries, an

evening test battery was conducted at 2100. Also on B3, subjects were required to

remain awake after the evening test battery until after another battery was .

conducted at 0300. The 4 test batteries scheduled on B3 provided comparison data

for the day of the flight (F). Two days of preflight data (Pl, P2) were collected

at 0900 and 1500. During flight, only subjective measures and oral temperature were

obtained. Arrival at Okinawa was at 1730 local time. An evening test battery was
conducted at 2200. Testing on the first 2 full days (01 and 02) in Okinawa was at

0900, 1500, and 2100. The study ended at 0800 on the third morning.

Table 1. TEST SCHEDULE

Battery Study Day San Diego Time Okinawa Time -. * -- V.

1 B11 Mon 0900 ,% .

2 Bi Mon 1500
3 B2 Tue 0900
4 B2 Tue 1500
5 B3 Wed 0900
6 B3 Wed 1500
7 B3 Wed 2100
8 B3 Thu 0300

(two weeks intervening time)2•
9 P12  Mon 0900
10 P1 Mon 1500
11 P2 Tue 090016P§Tue 1500 " •'
126 Wed 0900 5

146 F Wed 15005
15 F Wed 2100-
167 F Thu 21005 5

17 014 Fri 0900 5

187 01 Fri 1500 % %,
19 01 Fri 2100 J.
20 02 Sat 0900
21 02 Sat 1500
7226 02 Sat 2100

23 03 Sun 0800

"B" indicates baseline days, 2 weeks prior to departure week.
2 "p', indicates days immediately prior to the flight day.
3 "F" indicates day of the flight.
4 "0" indicates days immediately following the day of flight.
5
6 Battery was delayed due to other requirements (see text).
6 Subjective measures and oral temperature only were obtained. .'"" '.

L-tryptophan 2 grams administered at the conclusion of the test
battery.i'..'
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Batteries 1-12 were conducted in the battalion mess hall at Camp Pendleton.

Batteries 13-15 were conducted aboard the aircraft. Batteries 16-23 were conducted

in a classroom at Camp Hansen in Okinawa.

Target shooting performance was assessed one week prior to departure and on 01.

Both target shooting sessions occurred at 0800 local time. Stationary targets were

used. The target consisted of 3 silhouettes. Subjects were allowed one practice

round on the left and right silhouette and permitted to adjust their weapon sights.

Then, each subject was allowed 8 rounds on the center silhouette. Accuracy wasI%
scored using a bull's-eye s.oring system with a total possible accuracy score of 40

points. Each subject used his own M16 rifle on both days. A total of 45 subjects

provided target scoring data in both locations.

L-tryptophan 2 g or placebo was administered en route after reboarding at Anchorage

and on the first 3 nights in Okinawa at approximately 2200, following the evening

test batteries. To maximize sleep during flight, environmental interventions

included timing of meals and other inflight activities, avoiding caffeinated

beverages, and control of cabin lighting.

Performance and Subjective Mood Measures. Performance measures included a test of

reaction time, the Wilkinson 4-Choice Reaction Time Test (RT) (Wilkinson and

Houghton, 1975); a decoding task, the Digit Symbol Substitution Test (DSST)

(Wechsler, 1955); a test of short-term memory, the Williams Word Memory Test (STM)

(Williams and Williams, 1966); and a test involving math calculations, the Wilkinson

Addition Test (AT) (Wilkinson et al., 1966; Wilkinson, 1969). All tests chosen were

known to be sensitive to sleep deprivation and to drug effects.

Subjective reports of mood were obtained through use of Analogue Mood Scales (AMS)

which are a paper-and-pencil version of the computerized Visual Analogue Scales
(VAS) developed by Monk et al. (1985), the Profile of Mood States (POMS) (McNair et

al., 1971), and the Stanford Sleepiness Scale (SSS) (Hoddes et al., 1973). N

Physiological Monitoring. Twelve subjects wore devices for ambulatory monitoring of

physiological processes. We used Medilog 9-channel recorders available from Oxford %

Medilog, Inc. The following physiological parameters were recorded: Left/right

EOG, C4 referred to Al, C3 referred to A2, 01 referred to A2, skin temperature from

an ancillary placement, EKG from two chest electrodes, and chest impedance. In

addition, a time code and an event marker channel were used. Medilog subjects wore

the devices continually during waking and during sleep. Cassette tapes and

batteries were changed once every 24 hours. For baseline data collection, Medilogs

were applied and recordings begun on BI and removed after the 0300 test session on

B3. During the week of flight, Medilog electrodes were attached and recordings

begun two days before the flight and Medilogs were removed after the 23rd test

battery at the end of the study. Medilog tapes were later played back on the system

scanner and scored for the presence of waking or sleep (Stages 2, 3, 4 or REM) by

%%6'
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human scorers. In this report, only the results of analysis of the EEG for total

sleep time is described.

Statistical Analyses. A lengthy description of the statistical procedures employed

and a detailed summary of results are presented in an NHRC Center Report (Spinweber

et al., 1986) which is available by request from the senior author. Only an

overview of the statistical procedures is presented here.

One approach to assessment of acute jet-lag effects was to measure and compare data

for the same time of day at Camp Pendleton and at Okinawa. Test batteries were

scheduled at 0900, 1500, and 2100 on B3 to provide baseline data for comparison with

Okinawa data for the same time of day. These comparisons held local time (LT) of

day constant and provided information about what kinds of jet-lag effects are to be

expected if activities are scheduled according to the local time at destination.

Statistically, effects were evaluated by comparing data for B3, 01, and 02 at 0900,

1500 and 2100 LT by ANOVA for repeated measures. Post hoc t-tests were used to .

isolate sources of significant F values.

A second statistical approach held biological time (BT) of day constant. This

approach was used to determine the source of performance and mood changes that were

found through the LT approach. The question asked in this approach was whether

performance and mood measures were still locked to PST (biological time) and for how

long after arrival. Our study design was structured to permit us to compare Okinawa

data with Camp Pendleton data that was within an hour of the identical BT as

follows: comparisons for the 0900 01 and 02 batteries were made with the 1600

battery data from 83, the 1500 01 and 02 batteries with the 2100 B3 data, and the
2100 01 and 02 batteries with the 0300 battery from B3.

% %'

RESULTS

Sleep Management. L-tryptophan subjects obtained significantly more sleep on the

first night in Okinawa compared to placebo subjects (274.5 + 19.9 minutes versus

222.3 + 44.8 minutes, t - 2.16, p<.0314). Total nocturnal sleep time was not

enhanced on the following 2 nights. En route, control of the aircraft environment

dramatically increased sleep compared to total sleep time measured in the pilot

study. Pilot study Medilog subjects only obtained 120.0 + 72 minutes sleep aboard

the aircraft. The range was 16 minutes of sleep in one subject to a maximum of 3..

hours 52 minutes in another. Total sleep time during the operational trial was

291.3 + 79.2 minutes for placebo subjects and 324.3 + 145.9 minutes for 1-tryptophan . ,

subjects. This 33-minute difference in total sleep time between the 2 groups was .4
not statistically significant. The range of sleep times was 2 to 7 hours.

Acute Effects of Flight. Upon arrival, the 1-tryptophan subjects had higher mean
self-reported alertness (44.7 + 28.1 versus 31.3 + 14.4, t(47) = 2.09, p<.0425), and

a more positive mean rating of overall mood (44.4 + 23.2 versus 31.5 + 17.2, t(47) "

7

X7'



2.20, p(.0327) on the AMS. There were no performance differences between the two

treatment groups upon arrival.

To determine the acute effects of flight upon performance over all subjects, battery

16 performance data were compared with battery 7 data and, separately, with battery

8 data using t-tests for correlated means. The comparisons with battery 7 provide a

LT analysis and, with battery 8, a BT analysis. DSST showed essentially no

decrement upon arrival. STM data suggested some slight impairment upon arrival but,

comparisons of battery 16 data with battery 7 and battery 8 data showed no

statistically significant differences. For AT, performance upon arrival resembled

battery 8 performance and, in fact, differed significantly from battery 7. For RT,

performance upon arrival was significantly slower than both battery 7 and battery 8

mean reaction times.

Evaluation of the acute effects of flight on subjective mood proceeded similarly. -. -.

All t-test comparisons between battery 7 and battery 16 were highly significant.

Overall, there were fewer significant differences between subjective mood upon

arrival and subjective mood reported at 0300 on B3 at Camp Pendleton. Notably,

reported alertness, effort required, weariness, sleepiness, and fatigue were similar

upon arrival at 2200 to those at 0300 LT at Camp Pendleton. Measures which may "a'

reflect more the psychosocial difficulties encountered upon arrival including

customs, a drug information lecture, and a rather long bus ride to Camp Hansen, were

significantly worse than battery 8 measures. These reports included being more sad,

more tense, less calm, having a poorer overall mood, and more depression and anger.

Performance Measures. Mean RT data for the 1-tryptophan and placebo groups are

presented in Figure 1. L-tryptophan subjects had significantly faster reaction %

times than placebo subjects at 2100 on 01.

.- ;
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Figures 2a and b present RT data for 0900, 1500, and 2100 on B3, 01, and 02 for

each treatment group separately. These figures show that the 1-tryptophan group's

mean RTs show little change over time, while the placebo group showed a slowing at

0900 on 01 as well as at 2100 on 02.

REACTION TIME REACTION TIME
L-TBYPTOPHAN PLACBBO

25- 25

\ ..
hoo

5

e• A .4A

AO- ,

0900 1600 A10 0i00 1500 2100

LOCA ITME LOCAL TIME

Figures 2a & b. Mean reaction time (RT) on the 4-choice Reaction Time Test at

0900, 1500, and 2100 on study days B3, 01, and 02 for

1-tryptophan and placebo groups, separately.

Mean STM data for all performance batteries are presented in Figure 3. The LT

analysis showed a significant day-by-treatment group interaction which was due to

the fact that, compared to baseline, overall performance in the 1-tryptophan group

a% 9 - o
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did not decline on 01 and 02, while performance in the placebo group showed a

within-group impairment on both days.

SHORT TERM MEMORY

, -.

S. 
°'°H

LOCAL TDME d'

%4

Figure 3. Mean number correct on the Williams Word Memory Test (STM) for

* the 1-tryptophan and placebo groups separately for all test

- - 'S..

sessions.

As can be seen in Figures 4a and b, in the 1-tryptophan group, the evening decrement

* in STM performance was not present on 01 but did show up on 02. The placebo group

curves for 01 and 02 were highly similar to each other, and the evening decrement

was present on both days.

The other performance measures AT, DSST, and target shooting accuracy showed jet-lag

effects in the LT analyses, but there were no treatment-group differences.
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Figures 4a & b. Mean number correct on the Williams Word Memory Test (STM) at °,"

0900, 1500, and 2100 on study days B3, 01, and 02 for .

1-tryptophan and placebo groups, separately. ..

In order to quantify the degree of performance loss occurring in the evenings .

according to LT, the numerical change in mean performance at the time of arrival and -..

on each of the two subsequent evenings was compared to the mean performance obtained -'d'

, . during battery 7. Results are presented in Table 2a for the DSST, AT, and STM. The -- .

calculations were based on all subjects, collapsed over treatment groups. The "''

', target shooting percentage decrement was 33%. For RT, in which treatment-group ...

# ~differences were present, the comparable percentages for the placebo subjects were . =

61.3%, 48.4%, and 19.9%. For 1-tryptophan subjects, the percentage decrements were :"

72.6%, 12.2%, and 7.7%. .
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Table 2a.

PERFORMANCE LOSS (PERCENT DECREMENT)

Task Upon Arrival
I  After 1 Day

2  After 2 Days
3

DSST 2.1% 4.4% -8.4%4

AT (attempted) 23.1% 13.9% 3.2%

AT (# correct) 26.0% 14.5% 3.2%

STM 6.3% 10.5% 17.9%

1
2 Battery 16 compared to battery 7.2 Battery 19 compared to battery 7.
3 Battery 22 compared to battery 7.
The negative value indicates that the mean performance score in
Okinawa was higher than that of the baseline mean at 2100 on B3.

For comparison, percentage decrement values were also computed using battery 8 data

as baseline providing a BT approach by comparing 0300 LT on B3 with the evening test

batteries in Okinawa. These results are presented in Table 2b. On RT, for placebo

subjects, the percent decrements were 27.4 and 17.3 for the first two nights in

Okinawa. RT had recovered by the third night. For 1-tryptophan subjects, a 39%

decrement was present upon arrival, but RT performance had recovered after the first

night of sleep.

Table 2b.

PERFORMANCE LOSS (PERCENT DECREMENT)

Task Upon Arrival
1  After 1 Day

2  After 2 Days
3

DSST 1.2% 3.6% -9.4%4

AT (attempted) 7.1% -4.1%
4  -17.0%4.

AT (# correct) 8.8% -6.1% 4  -20.1% 4

STM 7.3% 11.5% 18.8%

2 Battery 16 compared to battery 8.
Battery 19 compared to battery 8.

3 Battery 22 compared to battery 8.
4 The negative values indicate that the mean performance score in
Okinawa was higher than that of the baseline mean at 0300 on B3.

12
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Subjective Mood Measures. Because of the large number of subjective variables, an

overall review of mood effects will be presented here. As illustrated, mean

reported sleepiness on the SSS for the 23 batteries is presented in Figure 5. Mean
reported "effort" (that is, "how much of an effort is it to do anything?") for the

* 23 performance batteries is presented in Figure 6.

sss

Figure 5. Mean sub- V 1
jective sleepiness on 4X% k,

the Stanford Sleepi-
Q ness Scale (SSS) for

P. the 1-tryptophan and

placebo groups sep- r

3- A e.,' arately for all test
... %

sessions.

.9.

. . . . . . .

LOCA. Th

EFFORT

NFigure 6. Mean re- * ,.

ported "effort" on ~
the Analogue Mood

94 Scales (AMS) for the
0 4 1-tryptophan and T

30 Rplacebo groups sep-

~/ arately for all test
%a

sessions.
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Compared to the same time of day on B3 at Camp Pendleton, all mood measures were

significantly worse in the evening at 2100 on 01. Certain measures indicated poorer ,

mood throughout the day on 01: these included more sadness, less happiness, more .. *

depression and less vigor. By 02, subjective mood recovered. Overall, mood

measures were still worse in the evening on 02, but there were fewer statistically

significant comparisons with baseline.

DISCUSSION 1

L-tryptophan Field Trial. Major goals of this study of transmeridian flight were to

document performance and mood changes and to examine the efficacy of two sleep- N

enhancing interventions in alleviating acute effects of jet lag.

The environmental controls were very effective in increasing the sleep en route, as

objectively measured on Medilog subjects in this operational trial, compared to the

pilot subjects studied earlier. The elements of those controls were varied and

included timing of activities to maximize uninterrupted sleep periods, control of
,, .-.

diet, and administration of a "pill". These manipulations alone increased mean

sleep time more than 2 3/4 hours compared to mean sleep time of pilot subjects. The

1-tryptophan effect aboard the aircraft was not statistically significant, even

though the mean increase above placebo was 33 minutes. In laboratory studies of

overnight sleep, a mean increase in total sleep time of over 1/2 hour compared to

placebo would ordinarily be statistically significant and considered to be sub-

stantial. The 52-minute increase in total sleep on the first night in Okinawa was

considerable, as well. In this case, the difference between 1-tryptophan and

placebo groups reached statistical significance. There was no sleep-enhancing

effect, though, on subsequent nights. It is important to note that most previous

studies reporting positive findings on 1-tryptophan emphasized effects on sleep -

latency rather 4han total sleep time. In fact, in previous studies, when sleep

latency was reported to be reduced, total sleep time was often not statistically

increased. In this study in the field, it was impossible to obtain reliable and

valid sleep latency measures for individuals and, therefore, we used total sleep

time as a measure of sleep-enhancing efficacy. In view of the use of total sleep

time rather than sleep-onset time as the dependent measure of efficacy, we were

impressed with both the en route and first-night effects.

It may be the case that the absence of sleep-enhancing effects on the second two

nights in Okinawa was due to inadequate dose size. On the day of the flight,

subjects received two doses of 2 g each, one en route and one after the evening test

battery. Our previous sleep laboratory study demonstrating daytime sleep-enhancing Vol

effects used a 4-g dose (Spinweber et al., 1983).

Upon arrival, significant between-groups differences were present only on subjective

measures; 1-tryptophan subjects reported more alertness and more positive overall -

mood. But, on 01, after having obtained significantly more nocturnal sleep time

14.. -



(that is, 52 minutes additional nighttime sleep), the 1-tryptophan group differed

shwdu ttetm o aia efrac loso eea tss ow rclearly from the placebo group on one important measure, the faster mean reaction

time performance at 2100 on the RT. Probably because it is a longer duration test, .

RT is very sensitive to sleep-loss effects. The difference between groups on RT
showed up at the time of maximal performance loss on several tests, so we are V, .

confidant that this RT difference reflects real treatment differences. There is

also an indication that STM performance is spared from "Jet-lag" effects in the

1-tryptophan group on 01. In addition, these data indicate that RT may recover more

quickly in 1-tryptophan subjects.

There have been no laboratory studies of sleeping pills and next-day performance

which demonstrated enhanced next-day performance in subjects who take the active

pill compared with those taking the placebo. (For an extensive review of such

studies and a comprehensive discussion of sleeping pills and performance effects,
see Johnson and Chernik, 1982). This study is the first demonstration that l

improving sleep by psychopharmacological means is associated with enhanced

performance on any measure of performance the following day. Perhaps of equal

importance, in contrast to sedative-hypnotics, 1-tryptophan produced no decrement in

performance at any time compared to placebo.

Operational Implications. The field trial results have important implications for

westward rapid deployments having operational demands similar to those occurring in

this troop airlift. First, the importance of sleep enhancement cannot be over-

emphasized. By controlling the aircraft environment and administering 1-tryptophan .-

* 2 g, the company commander can increase total sleep time en route by over 3 hours.

L-tryptophan is also effective in enhancing nocturnal sleep after arrival. It is .

suggested that the appropriate dose for use on the second and third nights after

arrival is 4 g.

Second, "Jet-lag effects" on performance are problems primarily in the evening and r

adjustment occurs quickly, for many measures, by the second full day after arrival.

Reaction time performance seems to be most sensitive to jet-lag effects and,

conversely, to sleep enhancement. If possible, company commanders should avoid

nighttime operations on the day of transit and the following day. By the evening of

the second full day at destination, the ability to perform calculation quickly and

accurately (AT) and decoding performance (DSST) are essentially recovered. Memory

performance, though, may continue to deteriorate over the first 3 nights at 770

destination. The protocol did not extend long enough to identify the time at which

short-term memory recovers. Additional justifications for the use of 1-tryptophan

in the field are that its administration appeared to spare memory to some degree and

to hasten readjustment of reaction time performance. VON

Third, mood upon arrival is generally no worse than would be expected in the middle

of the night after a small amount of sleep loss. Throughout the first full day

after arrival, mood is poorer than predeployment. If possible, operations requiring .'

%
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positive mood and feelings of alertness and vigor should be scheduled on the second

day after arrival.

4'. Extrapolating from both the performance and mood data collected in this study, it

appears that military operations would be most effectively conducted in the morning

of what would be day 02, the day occurring after 2 nights of sleep and 1 full day at

destination. This time frame is consistent with certain U. S. Marine wartime *4' *,

scenarios. Earlier operations would require compensation for performance impairment

in the evenings and impaired mood throughout the first day at destination. The %

above conclusions would probably hold for similar deployments crossing time zones in

the westward direction. Results from other published studies suggest impairment

following a similar eastward deployment would be greater and persist longer. . I

Indications for Use of Sedating and Nonsedating Sleeping Aids. As is now known, the

RAF aircrews used a sedating sleeping aid, temazepam (Restoril@), in the Falkland

conflict in 1982 (Baird et al., 1983). We have not tested temazepam in our own

laboratory because the U. S. formulation of the drug currently available is slowly .I

absorbed and has a much longer half-life than the form of temazepam available in

Great Britain. In addition, there is a question about the sleep-inducing efficacy

of the U. S. version of temazepam (Bixler et al., 1978, Mitler et al., 1979). For

the RAF, the critical factors permitting use of a sedating sleeping aid were that

* rest periods occurred on Ascension Island, away from the scene of conflict, and

crews were not scheduled to fly again for at least 6-8 hours (Baird et al., 1983).

For similar U. S. operations, triazolam would be a suitable agent for use, based on

our laboratory studies.

In the major troop movement by airlift described in this paper, there was a con-

"- tinuing requirement that personnel retain the ability to awaken readily with intact

"* memory and other cognitive and visuomotor skills, both en route and after arrival.

When the decision is made that an impairment window is not acceptable, then

psychopharmacological support for the mission must involve use of nonsedating

sleeping aids. ." '4

The decision regarding which pill to employ rests primarily upon consideration of -..

*" the impairment window (see Table 3). If the environment is safe and the duration of .-

the rest period can be established in advance, then the sedating agent may be the

better choice since it acts more rapidly and, perhaps, more consistently than

1-tryptophan. (For a discussion, see Spinweber et al., 1983). However, in other

operational environments--aboard aircrafts or in dangerous environments--or for use

in brief rest periods of undetermined duration, 1-tryptophan would be the agent of

choice since its sleep-promoting effects are completely reversible and its use is

not associated with an impairment window. -'
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Table 3. "d

Sleeping Aids for Operational Use

tSedating Nonsedatilng

Agent triazolam tryptophan

Class benzodiazepine amino acid

Dose .125-.5 mg 1-4 g

Impairment Window 4-5 h none ,....

Onset of Action 15 min 45-60 min

%
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